Overproduction of melanin is the cause of skin hyperpigmentation, which is related to several skin diseases and cosmetic concerns. Sake is a Japanese alcoholic beverage produced from rice and water by fermentation, but is little known for its effect on melanogenesis. To identify the effect of sake extract on melanin synthesis, a melanin assay was performed in melan-A murine melanocytes. Sake extract treatment significantly inhibited melanin production in a dose-dependent manner, and tyrosinase, the rate-limiting enzyme of melanogenesis, decreased significantly at the protein level. Further investigations were performed with multiple assay systems; a sake extract reduced melanin production in melan-A/SP-1 murine cell co-culture, and also in MelanoDerm TM , a skin equivalent model of human keratinocytes-melanocytes. Finally, subjects were treated with a formula containing the sake extract. Topical application of the sake extract product improved skin lightness (L*) significantly within 7 days. We identified sake extract as a new anti-melanogenic ingredient through in vitro and in vivo experiments. These results suggest that a sake extract can be used to improve skin hyperpigmentation.
Melanin is produced from melanocytes, which are pigmentproducing cells. Its degree and distribution are the most important determining factor of skin and hair color [1a] . Melanin has protective roles in cellular membranes and DNA against UVR by UV filtration or as a reactive oxygen species scavenger [1b] . Despite its beneficial function on skin, melanin overproduction and accumulation leads to skin diseases, such as melasma, postinflammatory melanoderma, and solar lentigo [1c] . The demand to develop effective ingredients for skin hyperpigmentation is increasing, and this is not just related to the beauty aspect, but mainly to quality of life. Some specific enzymes are required for melanin production. Tyrosinase, tyrosinase-related protein 1 (TRP1), and dopachrome tautomerase (DCT) are well-characterized melanogenic enzymes. DCT is commonly called tyrosinase-related protein 2 (TRP2). Among them, tyrosinase is the rate-limiting enzyme that catalyzes the hydroxylation of tyrosine to 3, 4-dihydroxyphenylalanine (DOPA) and the oxidation of DOPA to DOPAquinone [1d]. TRP1 and TRP2 are involved in eumelanogenesis; TRP2 catalyzes DOPAchrome to indol-5, 6-quinone 2-carboxylic acid (DHICA). TRP1 catalyzes the oxidation of DHICA to indole-5, 6-quinone carboxylic acid [1e]. Thus, melanogenesis can be inhibited by regulating these enzymes. Continuing efforts have been made to identify a natural product, medicinal plant, or a food material with a melanogenesis inhibitory effect. Most ingredients have targeted inhibiting tyrosinase activity, aberration of tyrosinase glycosylation, or acceleration of tyrosinase degradation [1e]. For example, kadsuralignan F, from the plant Kadsure coccinea, has a depigmentation effect in melanocytes and human skin equivalents by accelerating tyrosinase enzyme degradation [2] . Additionally, ortho-dihydroxyosiflavone, obtained from Korean fermented soybean paste, inhibits melanogenesis by inhibiting tyrosinase activity and expression in B16 melanoma cells [3] .
Sake is a Japanese alcoholic beverage produced from rice and water by fermentation with koji mold and sake yeast Saccharomyces cerevisiae [4a] . Sake lees have been reported to inhibit tyrosinase. In particular, triolein and trilinolein isolated from sake lees are effective triacylglycerols that inhibit mushroom and Streptomyces tyrosinase [4b]. Fermented sake lees has anti-allergic effects [5] .
In this study, we found that a sake extract inhibited melanogenesis by downregulating tyrosinase protein expression in melan-A murine melanocytes. Most anti-melanogenic materials lack the efficacy and specificity for practical application as topical products [6] . To overcome these practical matters and confirm its potency on the hyperpigmentation regulating ingredient, the effect of sake extract was also investigated by multiple evaluation systems such as melan-A/SP-1 mouse cell co-cultures, human skin equivalents, and a human clinical test. A melanin assay was conducted of melan-A cells to investigate the effect of the sake extract on melanogenesis. First, the MTT assay was performed to determine the sake extract treatment concentration. As shown in Figure 1 , no cytotoxicity was observed at up to 2,000 ppm compared with that in control cells (102.2% at 250 ppm, 96.6% at 500 ppm, 96.6% at 1,000 ppm, and 93.7% at 2,000 ppm, respectively). No inhibitory effect on mushroom and murine cell-extract tyrosinase activities was observed (data not shown) by the sake extract treatment. To investigate whether the sake extract affected melanogenic protein levels, a Western blot assay was conducted in melan-A cells 24 h after treatment with the sake extract. A noticeable reduction in tyrosinase protein level was observed ( Figure 3 ). However, no decrease in TRP-1, TRP-2, or MITF protein levels was detected. Band intensity was quantified only for tyrosinase, and it decreased significantly. These results indicate that the sake extract inhibited melanogenesis by reducing the tyrosinase protein level.
Figure 3: Effect of sake extract on melanogenesis-related protein levels in melan-A cells. (A)
The melan-A cells were treated with sake extract at the indicated concentrations (250, 500, 1000, 2000 ppm). After 24 h, the cells were washed with DPBS and then harvested. Protein level of tyrosinase, MITF, TRP-1, TRP-2, and βactin were determined by Western blot analysis using specific antibodies against the corresponding protein as described in Experimental. The values are the average ± SD of three determinations. (B) The band intensities of tyrosinase were normalized by the band intensities of GAPDH as a control, and values are the average ± SD of three determinations. * p < 0.05, ** p < 0.01 vs. control.
A previous report showed that melanogenesis and related processes are altered in melanocytes treated with conditioned medium from a keratinocyte cell culture [7a] . As the sake extract inhibited melanogenesis in the melan-A mono-culture, we further examined its effect on melanin inhibition in melan-A/SP-1 co-culture. The sake extract also inhibited melanin production in melan-A/SP-1 coculture in a dose-dependent manner (12.5% at 1,000 ppm, and 17.9 % at 2,000 ppm when compared with that in negative control cells) ( Figure 4 ).
Although the melan-A/SP-1 co-culture was considered a cell-cell interaction culture compared with that of melan-A mono-culture, those cells originated from mice, and they lack three-dimensional structure. We used the human skin equivalent model MelanoDerm TM to examine the effect of the sake extract on melanogenesis. The sake extract was added at 5% and 10% to human skin equivalents for 9 days. The results showed that the sake extract increased the L* value of skin equivalents compared with that of the control ( Figure 5 ).
Figure 4:
Effect of sake extract on melanin synthesis in melan-A cells and melan-A and SP-1 co-culture. Melan-A cells and SP-a cells were co-cultured, and sake extract was treated at the indicated concentration. After treatment, the cells were photographed (A) and using cell lysate from melan-A and SP-a cells melanin assay was conducted (B). * p < 0.05vs. vehicle.
Finally, we investigated the skin whitening effect of the sake extract in a clinical evaluation. The results concerning skin color are shown in Table 1 . Surprisingly, skin lightness (L*) in the cheek area increased significantly after 7 days of treatment (p < 0.05). Other skin tone-determining factors such as a* (redness) decreased slightly, and b* (yellowness) increased slightly, but the changes were not significant. Sake is produced from fermentation with koji mold, Aspergillus oryzae, and the sake yeast Saccharomyces cerevisiae. It has a 1,300 year tradition [4a] . However, efficacy studies are relatively insufficient other than tasting and processing. Recent research has revealed that thioredoxin (Trx), which is extracted from sake, has an effect on indomethacin-induced gastric mucosal injury if administered prophylactically [7b]. Trx is a well-known intracellular redox enzyme, and its function on skin has been reported previously; UVA irradiation induces Trx secretion that is related to matrix metalloproteinase-2 (MMP-2) and tissue inhibitors of MMP activities [7c]. Trx in the cytosol translocates to the nucleus and prevents UVA-induced apoptosis [8] . We used the same sake extract containing a high concentration of Trx as prepared by Nakajima et al. [7b] in this study and it might be one of the potent factors that affect cellular activities.
We conducted a melanin assay in melan-A cells to study the effect and mechanism of the sake extract on melanogenesis. The sake extract showed an anti-melanogenesis effect in melan-A cells. Western blotting assay was carried out, and melanogenesis-related protein levels were measured to identify the molecular target of sake extract. The sake extract reduced the tyrosinase protein level in a dose-dependent manner, suggesting that the sake extract inhibited melanin production in melan-A cells by downregulating tyrosinase protein expression.
Sake extract as an anti-melanogenic ingredient Natural Product Communications Vol. 8 (11) 2013 1607 Figure 5 : Effect of sake extract on human skin equivalents. African-American human epidermal equivalents (MealanoDerm TM ) (n=2) were treated with sake extract and kojic acid for 9 days at the indicated concentration. After treatment, the skin equivalents were photographed and the ΔL* value was measured by comparing the increased L* values of each skin equivalent versus the control.
Tyrosinase is synthesized in ribosomes and transported to the endoplasmic reticulum (ER) and Golgi apparatus. After maturation, it is transported to early melanosomes, and melanin is synthesized [9] . Many studies have researched the mechanisms of tyrosinase degradation. For example, carbohydrate modifications of tyrosinase lead to tyrosinase degradation in the ER and proteolysis by proteasomes through ER-associated protein degradation [10a] . Tyrosinase degradation can also occur through the ubiquitin proteasome system [10b]. Further studies will be necessary to determine which pathway is affected by the sake extract upon tyrosinase degradation in melan-A cells.
Kojic acid, a very-well known skin whitening ingredient, was effective in a clinical study [10c]. However, the anti-melanogenic effect of kojic acid is lower in cultured human melanocytes [11] , and this observation indicates an inconsistency in clinical and in vitro activities of the same ingredient due to a systemic difference. To overcome this limitation and demonstrate the potency of the sake extract, we further investigated its effect using various assay methods. A melan-A and SP-1 co-culture system was used with -MSH treatment to mimic melanocyte-keratinocyte cell-cell interacting environments. Also, UVB was irradiated on the human skin equivalent model to induce pigmentation. The sake extract induced a decrease of melanin in the murine melanocyteskeratinocytes co-cultured system, and enhanced lightness in the human skin equivalent model, respectively. After all of these in vitro evaluations, the changes in skin tone factors were measured with a chromameter in a clinical test. As a result, the topical sake extract treatment significantly changed the lightness value only. Melanin content is correlated to the L* value [12] , and our findings suggest that the in vivo skin-lightning effect of sake extract might be mediated through a decrease in melanin, which is consistent with in vitro results.
The depigmenting activities of the sake extract were confirmed in multiple evaluation systems: an in vitro mouse melanocyte monolayer culture, co-culture of mouse melanocytes and keratinocytes, a human skin equivalent model, and finally a clinical skin-whitening effect in humans. These results indicate that sake extract can be used as a potent skin-whitening ingredient for hyperpigmentation care. Experimental Materials: Sake extract was prepared by Pharma Foods International Co., Ltd. (Tokyo, Japan). The manufacturing process was described previously [7b]. Specially treated Japanese sake, which contained a high level of thioredoxin (TRX), was lyophilized after removing the ethanol with an evaporator in vacuo, and the dried material included 2 mg/g TRX. We did not perform further extraction to purify the TRX. Arbutin was purchased from Sigma Chemical Co. (St. Louis, MO, USA). Protease inhibitor cocktail was obtained from Roche Applied Science (Mannheim, Germany). Anti-tyrosinase, TRP1, and TRP2 antibodies (αPEP7, αPEP1, and αPEP8, respectively) were a kind gift from Dr V. J. Hearing (NIH, Bethesda, MD, USA). Antibody against MITF was obtained from the Proteintech Group (Chicago, IL, USA).
Cell culture:
The melan-A cell line was cultured in a monolayer at 37°C in a 10% CO 2 incubator (Thermoscientific, Waltham, MA, USA) in 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) RPMI1640 (Lonza Ltd., Basel, Switzerland) with 100 U/mL potassium penicillin and 100 mg/mL streptomycin sulfate (Lonza), and phorbol 12-myristate 13-acetate (PMA; Sigma-Aldrich). Murine SP-1 keratinocytes were cultured in a monolayer at 37°C in a 10% CO 2 incubator in standard keratinocyte medium (SKM) consisting of S-MEM with 8% Chelex-treated FBS, 100 U/mL potassium penicillin, 100 mg/mL streptomycin sulfate, 0.1 mM non-essential amino acid solution (Gibco), and low Ca 2+ (0.05 mM) to maintain a basal cell-like population of undifferentiated cells.
Cell viability assay:
Melan-A cells were seeded (1  10 4 cells/well) in 96-well plates to estimate cell viability. After culturing for the indicated times, 100 M MTT solution (final concentration, 0.5 mg/mL) was added to each well containing melan-A cells that were cultured with sake extract for 72 h, and the cells were incubated for 2 h. The dark blue formazan crystals formed in intact cells were dissolved in dimethyl sulfoxide (DMSO), and absorbance at 570 nm was measured with a microplate reader. Results are expressed as the percentage MTT reduction relative to the absorbance of control cells.
Melan-A/SP-1 co-culture:
Melan-a cells were seeded in 6-well plates at 4.8  10 4 cells/well in RPMI 1640 medium. After 24 h, the plates were washed with phosphate buffered saline (PBS) twice to eliminate traces of PMA, and SKM was added. After a 24 h incubation, SP-1 keratinocytes were seeded in each well containing the melanocytes at 2.4  10 4 cells/well with SKM. Every 3 days, fresh SKM containing 200 nM α-melanocyte stimulating hormone (α-MSH) (Sigma) and various concentrations of samples were added. After treatment, the cultures were photographed and lysed in 300 μL extraction buffer (1% Nonidet P-40, 0.1 M Tris-HCl, pH7.2, and protease inhibitor cocktail; Roche). The extracts were solubilized at 4°C for 1 h following by centrifugation at 13,000 rpm for 30 min at 4°C. The supernatant was used to measure total protein content, and the pellet was dissolved in 2 N NaOH containing 10% DMSO for 1 h at 60°C. The melanin assay was conducted as described below.
Melanin assay: Melan-A cells were seeded (1.5  10 4 cells/well) in 48-well plates to determine melanin content. After 24 h incubation, various concentrations of sake extract were added to each well for 6 days. After 3 days, the media were removed, and fresh media containing sake extract were added. After 6 days, the media were removed, and the cells were gently washed twice with Dullbecco's phosphate buffer saline (DPBS). Then, 100 μL of 2 N NaOH containing 10% DMSO was added to each well for 30 min at 60°C. Absorbance at 475 nm was measured with a microplate reader, and melanin contents are expressed against a standard curve of synthetic melanin (Sigma). The determined values were normalized to total protein content in each well.
Western blotting assay: Cells were disrupted with lysis buffer [0.1 M Tris-HCl (pH 7.2), 1% TritonX-100, 200 mM NaCl, and a protease inhibitor cocktail] and the supernatant fractions were boiled for 10 min at 99°C. Lysate protein (20 μg) was subjected to 4-12% Bis-Tris sodium dodecyl sulfate/polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane (Invitrogen, Carlsbad, CA, USA). After transfer, the membrane was blocked with 5% skim milk for 1 h at room temperature and then incubated with specific primary antibody at 4°C overnight. Protein bands were visualized with a LAS-3000 imaging system (Fuji Film, Tokyo, Japan) after hybridization with a horseradish peroxidaseconjugated secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA).
Skin equivalent (MelanoDerm TM ) assay:
A whitening assessment was performed using human skin equivalents, as described previously [10] . Briefly, African-American human epidermal equivalents (MealanoDerm TM ) were purchased from MatTek Corp. (Ashland, MA, USA). The maintenance medium was replaced every 2 days, and the cells were grown at 37°C under 5% CO 2 in a humidified incubator. Sake extract was added at 5 and 10% diluted in DPBS. DPBS and kojic acid (1%) were used for the vehicletreated control and positive control, respectively. Skin equivalent pigmentation degree was evaluated by comparing the difference in the L* value, a value of CIE 1976 (L*, a*, b*) color space representing the degree of light or dark, as studied previously [7] . The L* value was measured at days 0 and 9, and the difference in the L* value (ΔL) between the two values was calculated.
Clinical efficacy: Twenty healthy women aged 33-49 years old (mean, 41.95 ± 3.49 years) applied the test product in an oil-inwater emulsion containing 200 ppm sake extract twice daily for 14 days. Skin brightness was measured by a spectrophotometer® CM-2500d (Minolta, Tokyo, Japan).
Statistical analysis:
Data are expressed as means and standard deviations, and Student's t-test was used for statistical comparisons. A p < 0.05 was considered significant. The clinical data were investigated using the paired t-test. A p < 0.05 was considered significant. Statistical analyses were performed using SPSS Statistics 20.0 (Chicago, IL, USA)
